Method of Study: BALB/c mice (n=69) were used for the murine endometriosis model.
Although the pathogenesis of endometriosis remains controversial, the implantation theory of retrograde menstruation proposed by Sampson is most widely accepted.
2 Retrograde menstruation occurs in 70%-90% of investigated women, 3, 4 and endometrial cells have been observed in the peritoneal fluid (PF) of 59%-79% of women during menstruation or in the early follicular phase; however, endometriosis was diagnosed in only 10% of this population. 5 Endometriosis was hypothesized to be caused by decreased clearance of the endometrial cells in PF due to reduced natural killer (NK) activity and/or decreased macrophage activity, 6 whereas this phenomenon cannot explain the development of endometriosis.
Recently, it was reported that menstrual blood of women with endometriosis was more frequently contaminated with Escherichia coli (E. coli) than that of the controls and corresponds to higher levels of endotoxin in the menstrual fluid. Consequently, endotoxin levels were high in the PF due to reflux of menstrual blood into the pelvis. The colony formation of E. coli and endotoxin levels in the menstrual fluid was markedly higher in r-ASRM stage I-II endometriosis patients with red lesion than in stage III-IV endometriosis patients with endometrioma.
7
Local and chronic inflammatory reaction in the peritoneal environment is considered one of the contributing factors in the pathogenesis of endometriosis. The inflammatory mediators, such as bacterial endotoxin or LPS (lipopolysaccharide), the Gram-negative bacterial cell component, can activate the innate immune cells, such as macrophages, and trigger the secretion of various cytokines, chemokines, and growth factors. 8 We exhibited that LPS promoted proliferation and invasion of human endometriotic stromal cells (hESCs) via upregulation of cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE2). 9 Thus, an inflammatory reaction may trigger the development of endometriosis.
Endometriosis-associated intraperitoneal inflammation is thought to promote propagation of disease and to impair fecundity. Many factors implicated in an endometriosis-associated inflammatory environment are upregulated by the nuclear factor-kappa B (NF-κB), which is a pleiotropic transcription factor favoring cell proliferation and inhibiting apoptosis in endometrial and endometriotic cells. 10, 11 In women with endometriosis, the PF is remarkable for an increased number of activated macrophages and inflammatory factors. For instance, we demonstrated the presence of increased levels of cytokines, such as interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)-α in the PF of patients with endometriosis. 1, 12 In addition, we showed that TNF-α and IL-8 enhanced the mitogenic activity and that TNF-α upregulated IL-8 expression through NF-κB activation in hESCs. 11 We exhibited previously that LPS-stimulated hESCs produced a significant amount of TNF-α and IL-8 and that LPS promoted proliferation, 9 cell invasion via upregulation of COX-2 expression, and PGE2 synthesis of hESCs by mediating the NF-κB pathway.
13
A murine model of endometriosis has provided insight into the pathogenesis of peritoneal endometriosis. 14 We established the homologous murine endometriosis model by transplanting uterine tissue. 15, 16 In view of the above considerations, we injected LPS frequently into the peritoneal cavity of mice to mimic the chronic inflammatory condition found in patients with endometriosis. In this study, to investigate the effect of pelvic inflammation, we utilized the murine endometriosis model with a natural estrous cycle instead of hESCs 10, 17, 18 and aimed to delineate the mechanism involved in the pathogenesis of endometriosis.
| MATERIALS AND METHODS

| Animal care and treatment
All animal handling protocols and surgical procedures were approved by our Institutional Animal Care and Use Committee. Female juvenile mice (3 weeks of age, BALB/c) were purchased from Japan SLC (Shizuoka, Japan). Before initiating the experiments, animals were allowed to acclimate to the laboratory's conditions for 7 days. The donor uteri (n=23) were removed en bloc after euthanasia and cleaned of excess tissue in sterile saline. The small uteri from 4-week-old mice were slit with a linear incision longitudinally and minced (approximately 0.3 mm in diameter) with dissecting scissors. Recipient mice (n=46) were anesthetized using pentobarbital sodium (50 mg/kg). A 0.5-cm subabdominal midline incision was made, minced donor tissue (1:2 donor uterus to host ratio) in 250 μL saline was injected into the peritoneal cavity of each recipient with the equivalent tissue from half of the uterus, and the peritoneum was sutured. 
| Evaluation of murine endometriosis-like lesions
After LPS administration for 4 weeks, recipient mice (8 weeks of age) were killed. The peritoneal cavities of the mice were thoroughly inspected. Endometriosis-like lesions were carefully removed. In addition, the ectopic lesions were photographed to document in situ using a microscope to assess the effects of LPS on ectopic uterine tissue.
The images were transferred to Image-J software (NIH, Bethesda, MD, USA) for measurement. Lesions were fixed in 10% formalin and stored at −80°C, or kept in RNAlater ™ solution (Life Technologies, Tokyo, Japan) and stored at 4°C overnight.
| Immunohistochemical staining analysis
Formalin-fixed specimens were paraffin-embedded, cut into 5-μm sections, and stained with hematoxylin and eosin (H&E). Sections were examined microscopically for the presence of histologic hallmarks of endometriosis. Immunohistochemical staining was performed as described previously. 15 The primary antibody for Ki67 (prolifera- 
| Real-time RT-PCR analysis
After LPS treatment for 4 hours, tissues were preserved in RNAlater™ solution (Life Technologies, Tokyo, Japan) at 4C overnight. Total The absolute values were normalized to that for GAPDH, and the relative values compared with the control were shown. All samples were tested in triplicate, and each run included no-template and no-RT controls.
| Statistical analysis
All experiments were repeated a minimum of three times. All data sets were presented as means with SEMs. Results were analyzed using one-way ANOVA, followed by Fisher's protected least significant differences post hoc test. All statistical analyses were carried out using JMP software (SAS Institute, Cary, NC, USA). P<.05 was considered to be statistically significant. Exogenous LPS significantly enhanced Ptgs-2, Vegf, Ccl-2, and Il-6 mRNA expression in the endometriosis-like implants, whereas parthenolide or Dx treatment with LPS negated these enhancements ( Figure 3A ). On the other hand, in the eutopic endometrium, the enhancement of gene expression by LPS was not observed ( Figure 3B ).
| RESULTS
Endometriosis
In terms of Il-6 mRNA in the eutopic endometrium, the expression level was faint regardless of LPS treatment (data not shown).
To evaluate the proliferative activity of lesions, the Ki67-stained cells were counted. In endometrial gland epithelia and stromal cells, the percentage of Ki67-positive cells was significantly increased after LPS treatment (epithelia: 26.6±1.2% vs. 5.1±0.5%, stroma:
18.5±1.1% vs. 6.7±0.7%), and parthenolide or Dx diminished the LPS-induced proliferative effects at the vehicle levels ( Figure 4A) . By 
| DISCUSSION
The main cause of endometriosis is widely accepted to be the backflow of menstrual endometrial tissue into the peritoneal cavity. 2 However, because this phenomenon occurs in greater than 90% women, the far lower incidence of endometriosis suggests that additional elements impact its etiology. 19, 20 To understand the nature of endometriosis, identifying the mechanism associated with the development of endometriosis is necessary. We therefore sought to analyze the influence of LPS-induced inflammation status using an animal model.
In this study, we utilized LPS, a cell wall extract of E. coli, as the stimulus to induce the inflammatory process. TLR4 is an essential receptor for bacterial endotoxin or LPS recognition, and we show that LPS enhanced TLR4 expression in Figure 2 . In the epithelial and stromal cells of murine eutopic endometrium, TLR4 is innately expressed. 21 Khan et al. presented the concept of "bacterial contamination" hypothesis in the development of endometriosis promoted by the bacteria ascending from the vagina. They also showed that menstrual blood of women with endometriosis was more contaminated with E. coli than that of control women, suggesting that migrating E. coli from the vagina is the initial contaminant of menstrual blood, which then induces pelvic inflammation and TLR4-mediated growth of endometriosis. Estrogenic and inflammatory components play key roles in endometriosis. Aromatase activity is absent in normal endometrium, but is high in patients with endometriosis. 22, 23 Estrogen promotes a positive feedback loop to induce transcription of COX-2, synthesis of PGE2, and expression of aromatase in human tissue. 23 Khan et al. 24 also showed that a synergistic effect of estradiol (E2) and LPS on the proliferation of eutopic and ectopic endometrial stromal cells.
Zhao et al. 25 stated that the novel estrogen receptor (ER) ligands, In humans, COX-2 is more abundantly expressed in hESCs than in eutopic endometrial stromal cells, and it can regulate survival and invasion of hESCs. 13, 26 The peritoneal environment in the setting of endometriosis is notably rich in prostaglandin (PG)s. Although we could not measure the PGE2 value in sera of these small mice because of the difficulty in blood sampling in this study, it has been reported that increased COX-2 and PGE2 levels were present in the PF of women with endometriosis compared with those in PF of healthy women.
27,28
Also, we and others showed that LPS treatment increased PGE2 secretion in macrophages derived from PF and endometrial stromal cells with endometriosis, and PGE2 promotes the colony formation of E. coli. Previously, we performed the experimental studies using the homologous mouse endometriosis model established by transplanting donor mouse uterine tissue into the abdominal cavities of recipient mice, which were ovariectomized (Ovx) and subsequently supplemented with E2. 15, 16 Mice with natural estrous cycles were used to be the innate hormonal environment in juvenile mice. In the present study, we used both recipient and donor mice with natural estrous cycles to avoid an excess estrogen environment. In longitudinal studies, the murine model of endometriosis has been developed, offering the advantage of lower cost and smaller animal size for testing potential therapies and pathogenesis of this disease. 13, 15 In the previous murine model with Ovx and E2 supplementation, 15, 16, 30 the uterus was edematous presumably due to the excessive estrogen.
To our knowledge, this is the first study in which the chronic inflammatory peritoneal environment of endometriosis was reproduced using the mouse model established by repeated LPS. The animal models, in which a single shot of LPS was given for acute inflammation, such as a septic model, have been reported.
31,32
Although we tested various amounts of LPS for 4 weeks in the juvenile mice, higher amounts (5-10 mg/kg, every day or twice injections per week) were sometimes fatal. We therefore set the amount of LPS (2 mg/kg, twice per week for 4 weeks) in this study. In this condition of LPS-induced pelvic inflammation, no mice died or had body weight loss. Furthermore, as shown in Figures 1 and 4 There is the possibility that pelvic inflammation in patients with endometriosis consequently would promote disease and impair fecundity.
In the present study, we exhibited the NF-κB pathway may be the crucial signaling link between LPS and the formation of murine endometriosis-like lesion. By adding the parthenolide as a NF-κB inhibitor, the effects of LPS on murine endometriosis-like lesion were completely negated (Figure 1-4) . Numerous proinflammatory cytokines released by peritoneal macrophages and endometriotic cells are upregulated by NF-κB. 10, 11 Activation of p50/p65 NF-κB dimers consisting of NF-κB modulates the transcription of many genes involved in regulation of innate immunity, inflammatory response, and cell survival. As we demonstrated previously, 9,13,33 NF-κB could be an indispensable transcriptional factor for endometriosis. NF-κB is basally activated in peritoneal endometriotic lesions, showing higher p65 activity in red lesions than in black lesions, 34 and further evidence suggests that NF-κB activity in the endometriotic cells stimulates inflammation and cell proliferation but inhibits apoptosis. 10, 35, 36 Interestingly, Lu et al. 37 showed that the size of endometrial implants from p50 knockout mice was smaller compared with that from wild mice. As shown in Figure 4D , the activation of LPS/TLR4-mediated pathway resulted in the intense expression of p65 NF-κB in the cytoplasm of epithelium of the implants. LPS also enhanced phospho-p65 NF-κB expression translocated to the nucleus. Therefore, NF-κB activation, which plays 
